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Abstract
Background: The current distribution of and access to health services along with the future health needs of 
the population have prompted wide application of Geographic Information Systems (GISs). During recent 
years, GIS has been used in public health management for planning and organization of healthcare services. 
This study investigates geographical accessibility of residential areas in Bandar Abbas, Iran to healthcare 
services. 
Methods: Accessibility was evaluated by using Floating Catchment Area (FCA), minimum distance methods 
and Response Time (RT) accessibility technique. 
Results: More accurate measures of distances in Bandar Abbas, illustrated that Euclidean distances were 
not strongly correlated with network distances. The RT accessibility technique that utilizes shortest network 
path and time distances, presented detailed information about all the possible positions of the patients with 
respect to available healthcare services based on optimum and critical response times. 
Conclusion: Locations of public health services in Bandar Abbas were not related to the sites of populations. 
The RT accessibility technique provides a reasonably sensitive and robust evaluation of accessibility.
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Implications for policy makers
• It is possible for the planner to easily recognize which parts of the city have or do not have access to hospitals and clinics during pre-defined 
response times.
• Hospital(s) and/or clinic(s) with maximum/minimum accessibility can be defined. So, the planners can locate the best places for new health 
facilities.
• It is possible to compute a summary measure of various types of accessibility between hypothetical patients and health services, especially 
during the planning stage. 
• Response Time (RT) accessibility technique presents detailed information about all the possible positions of the patients with respect to 
available healthcare services based on optimum and critical response times and vice versa. This technique is important for locating the 
Emergency Medical Services (EMS).
Implications for public
Patients sometimes have to refer to various health services to receive specific treatments or, the required treatments may not be available in 
neighboring health facilities. So, comprehensive planning needs to evaluate accessibility of all health services. The result can be presented as 
brochures or simplified maps. In emergencies, people who live in different parts of the city can use these brochures or maps for selecting the 
hospitals or clinics. 
Key Messages 
Introduction
Accessibility can be judged in both socio-organizational 
and geographical terms (1). Over the past two decades, 
an increasing number of health studies together with 
development of Geographic Information Systems (GISs) 
technology with transportation modules have integrated 
the geographical accessibility of services and facilities as 
an important dimension of the built urban environment 
(2). Geographical accessibility refers here to the ease with 
which patients of a given area can reach health services and 
facilities (3). Early applications of GIS in the health field 
focused on epidemiological issues (4–6) as the distribution 
and determinants of health and disease in groups (7). More 
recently increasing attention on GIS has been paid for public 
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health management (8–11) to examine geographical and 
spatial patterns of health services together with planning the 
location of new health facilities (12) and also in the spatial 
analysis of healthcare utilization (13). 
Talen has described a number of approaches to measure 
geographical accessibility (14). Most common approaches 
are based on distance or travel time to a resource (15). Four 
types of distance are typically used for calculating accessibility 
measures: Euclidean distance (straight-line), Manhattan 
distance (distance along two sides of a right-angled triangle 
opposed to the hypotenuse), shortest network path distance 
and shortest network time (16,17). Using different distance 
types results in discrepancies in geographical accessibility of 
selected healthcare services (2). Some studies have compared 
discrepancies in results when geographical accessibility was 
measured by using different types of distances (2,17–19).
This study investigates geographical accessibility of residential 
areas in Bandar Abbas (Figure 1a) – an elongated shape city 
in Hormozgan province on the southern coast of Iran – to 
healthcare services using different distances. The Floating 
Catchment Area (FCA) method (20), minimum distance 
method (14) and Response Time (RT) accessibility technique 
have been discussed. The main concern is to illustrate the 
extent of the intra-urban variation in accessibility to general 
health services, and capability of each method for measuring 
accessibility and correlation between different types of 
distances in Bandar Abbas city. There is not acknowledge 
about the usual place of daily activity and/or inter-urban daily 
population migration.
 
Methods
Bandar Abbas is a coastal city with a population of 588,288 
in 2011 (Statistical Center of Iran), an area of 10,493 km2, 
high population growth (3.40%) (Vice-Presidency for 
Strategic Planning and Supervision) and a total of 16 medical 
health services (8 hospitals and 8 clinics). The hospitals and 
clinics information was inventoried from the website of the 
Hormozgan University of Medical Sciences (HUMS) and via 
a field visit. Detailed traffic information was provided by the 
Central Police Department of Bandar Abbas. We used average 
driving speed – reported by Central Police Department – for 
calculations but it can be designed for different times during a 
day, or even different day during a week can be noted. 
This study involves the use of standard GIS functionality such 
as buffering (e.g. generating catchments at physical distances 
away from health services), overlay analysis (e.g. examining 
the location of patients in relation to such areas), network 
analysis (using characteristics of a network such as traffic 
flow to gauge how long it takes patients to access a facility), 
querying classes and creating several different kinds of graphs. 
In the following, we discuss the procedures.
Data gathering and map preparation
Interurban road-map, traffic flow data together with hospital/
clinic information (name and location) were inputted into 
GIS (Figure 1a).
Locating the Geographic Centroids (GC)
In advanced urban planning, the designer usually predicts 
some hypothetical stations for various targets such as health 
Figure 1. Bandar Abbas, Iran with health services and main 
population centers as Geographic Centroids (GC) (a) and geographic 
polygons (b).
services. Local populations with relational databases have 
allowed managers and planners of health and social services 
to use GIS to better run their services (13). In the absence 
of detailed locational data for individuals accessing health 
services, as in the case of Bandar Abbas, population demand 
is usually summarized at the population-weighted or, more 
commonly, Geographic Centroids (GC) of such areas (21). 
Pre-defined stations considered here as patient’s locations 
referred as the GC (Figure 1). In the absence of individual 
household locations and population counts, remote sensing 
technology with high-resolution satellite images, i.e. 
QuickBird with 60 cm resolution, were used for calculating 
the number of homes located inside a geographical polygon. 
Due to the lack of census tracts in Bandar Abbas, the centroids 
of each geographical polygon containing at least 500 buildings 
were denoted as GC by using GIS (Figure 1b). We know that 
summarizing a population of a zone by assuming all live at the 
centroid may introduce errors in estimation of accessibility 
(3). Considering this, the points that we have selected as GC 
in each polygon, have equal traffic accessibility with respect 
to most of their polygon’s boundary. So, we have tried to 
minimize the errors. Sixteen GC were located in the territory 
of Bandar Abbas (Figure 1). 
Creating buffer zones 
“Buffer” is an area of specified width drawn around one or 
more map elements (22). In order to calculate health services-
to-GC ratio for each GC, the FCA method (20) uses circles of 
varying radii with straight-line distances (to buffer an arbitrary 
Euclidean distance based on density of healthcare services) 
placed at the centroids of geographic polygons (GC) and 
counts the number of health services within the circles. This 
method is referred as the coverage method by some authors 
(14). There are also questions regarding the sensitivity of the 
health services-to-GC ratios to the size of the radius of the 
circle used in the floating catchment methodology. In Bandar 
Abbas, three buffer zones with 500, 1,000 and 2,000m widths 
were drawn separately around the hospitals. Considering the 
overlaps of the varying buffer zones, a width of 500m was 
specified as the optimal radius. Six buffer zones were drawn 
for hospitals (Figure 2a). Since clinics have lower facilities for 
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patients, three buffer zones were drawn for them (Figure 2b). 
For hybrid state (hospitals and clinics) six buffer zones were 
drawn (Figure 2c). 
Calculation of different types of distances between Geographic 
Centroids (hypothetical patients) and healthcare services
Different types of distances were calculated between 
healthcare services (hospitals and clinics) and patients (GC) 
(Figures 3, 4 and 5). The results were used for evaluation of 
the minimum distance method. Usually, patients refer to 
neighboring hospitals or clinics. In some cases patients need 
special care and they have to be referred to another hospital or 
clinic. Hence offering an obvious and decision-making plan 
for patients to select hospitals/clinics is necessary.
Using Response Time (RT) as a boundary for evaluation of 
accessibility
RT here means the time that it takes for emergency responders 
to arrive at the scene of the patient. There is no official standard 
for response times. RT standards frequently do exist in the 
form of contractual obligations between communities and 
Emergency Medical Services (EMS) provider organizations, 
however. As a result, there is typically considerable variation 
between standards in one community and another. EMS 
agencies are increasingly being held to an ambulance RT 
criterion of responding to a medical emergency within 8 
minutes for at least 90.0% of calls. Berkeley city mandates 10 
minutes, or 8 minutes RT (23). While some communities have 
moved RT standards to 12–15 minutes (24). It is generally 
 
Figure 2. Five hundred meters buffer zones centered on hospitals 
(a), clinics (b) and hospitals together with clinics (c). Clinics and GC 
locations presented in (b).
Figure 3. Euclidean distances between GC and hospitals were 
presented on maps. Graphs show shortest network path distances 
between GC and hospitals. For Hospitals locations see Figure 1.
accepted within the field that an ‘ideal’ RT for emergency 
calls would be between 8 to 15 minutes. With having the 
accurate shortest network time, we used 8 and 15 minutes 
RT as optimum and critical boundaries for evaluation of 
accessibility between health services and GC, respectively.
Results
Floating Catchment Area (FCA) method 
In the FCA method, for conceptualizing and measuring the 
geographical accessibility of health services, the number of 
health services within each buffer zone were counted (Figure 
2a) (20). The accessibility categorized as: excellent (>1,000 
m); good (1,000–2,000m); fair (2,000–3,000m); and poor 
(>3,000m). The results (Figure 2a) indicated that 44.00% of 
hospitals had accessibility less than 1,000m to GC (GC 1, 
5, 6, 7, 10, 12 and 15), 18.00% of hospitals had accessibility 
between 1,000 to 2,000m to GC (GC 3, 9 and 16), 12.00% of 
hospitals had accessibility between 2,000 to 3,000m to GC 
(GC 3 and 14) and 25.00% of hospitals had accessibility more 
than 3,000m to GC (GC 2, 8, 11, and 14). 
In developing cities with low to medium facilities as Bandar 
Abbas, clinics play an important role in healthcare. Clinics 
provide some medical care and support regions with poor 
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 Response Time (RT) accessibility technique
We used a new procedure for declaring accessibility to 
healthcare. Optimum and critical response times (8 and 
15 minutes, respectively) have been used for evaluation 
of accessibility. This technique is named here as “RT 
accessibility”. Changes of the official standards for RT can 
be easily modified in this method. Based on our new data 
(Figures 3, 4 and 5), accessibility to the health services during 
8 and 15 minutes RT has been evaluated (Table 1).
On the other hand, evaluation of accessibility of every GC 
with respect to hospitals/clinics during 8 and 15 minutes RT 
has been presented (Figures 6a, 6b, 6c and 6d).
 
Discussion
A major assumption in many of the previous studies is that 
patients will use their nearest health facility. However, some 
studies have found that this may not necessarily be the case 
(25). The FCA method evaluates the accessibility of patients 
with respect to neighboring health services and utilizes 
only straight-line or Euclidian distance criterion. But when 
modelling the accessibility, every member of the population is 
a potential user of the health services (2) and they use network 
distance for accessing these facilities. Patients sometimes have 
to refer to various health services due to specific treatments or, 
the required treatments may not be available in neighboring 
health service. So, the pattern of spatial accessibility will 
depend on the relative location of the population and services 
(1,26). Some studies have examined the spatial relationship 
between the location of potential patients and detailed 
patterns of health service utilization (27). So, comprehensive 
planning in developing cities with low to medium facilities 
needs to evaluate accessibility of all of the health services 
(hospitals and clinics) with respect to every GC as we have 
done in this study (Figures 3, 4 and 5). The FCA method 
(Figure 2) indicated that: 1) Of the 8 hospitals in Bandar 
Abbas, 7 (88.00%) are located in less than 30.00% of the urban 
area; 2) Optimum and maximum accessibility of hospitals 
to the urban area are 44.00 (accessibility less than 1,000m) 
and 62.00% (accessibility less than 2,000m), respectively; 3) 
access to hospitals. So, their distribution and accessibility 
must be considered. Accessibility of hypothetical patients 
(GC) to clinics in Bandar Abbas also indicated that (Figure 
2b) 25.00% of clinics had accessibility less than 500m to GC 
(GC 3, 5, 7 and 9), 31.00% of clinics had accessibility between 
500 to 1,500m to GC (GC 1, 6, 12, 13 and 15) and 44.00% of 
clinics had accessibility more than 1,500m to GC (GC 2, 4, 8, 
10, 11, 14, and 16).
Evaluation of accessibility to the hospitals together with 
clinics in Bandar Abbas (Figure 2c) indicated that clinics did 
not improve accessibility of those regions with more than 
3,000m to GC (GC 2, 8, 11 and 14 in Figures 2a and 2c).
Minimum distance method 
Euclidean distance (straight-line) between hospitals and GC 
have been presented in Figure 3. This method is referred as 
the minimum distance method (the distance between a point 
of origin and the nearest facility) (14).
Figure 4. Shortest network path distances between GC and clinics. For clinics locations see Figure 2b.
Figure 5. Shortest network time distances between GC and hospitals 
(a)/clinics (b).
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35.00% of urban area was covered by clinics; 4) Maximum 
accessibility of clinics to the urban area is 56.00% (accessibility 
less than 1,500m); and 5) Clinics did not improve accessibility 
to the poor GC (accessibility more than 3,000m). Locations of 
general health services in Bandar Abbas are not related to the 
sites of populations or to the hypothetical patients. This small 
area contains about 88.00% of the city’s hospitals and 35.00% 
of clinics.
The comparison of different types of distances between 
hospital and GC in the Bandar Abbas demonstrated that 
shortest network time was strongly correlated with shortest 
network path across the urban area (Pearson correlation 
greater than 0.91) (Table 2) and was moderately correlated 
with Euclidean distance (Table 2). For clinics, this comparison 
demonstrated that shortest network time was also strongly 
correlated with shortest network path (Pearson correlation 
greater than 0.98) and good correlation was observed for 
Euclidean distance (Table 3). Unlike the previous results 
in North American cities (2,17), more accurate measures 
of distance (shortest network path and time distances) in 
Table 1. Accessibility of hospitals and clinics to GC during 8 and 15 minutes RT.
Health services 8 minutes accessibility 15 minutes accessibility
Koudakan hospital 25.00% (5, 6, 12, 15)* 56.25% (1, 5, 6, 7, 8, 12, 13, 15, 16)
Khalij-e-Fars hospital 25.00% (5, 6, 12, 15) 62.50% (1, 3, 5, 6, 7, 8, 12, 13, 15, 16)
Emam-Reza hospital 25.00% (1, 5, 7, 15) 62.50% (1, 3, 5, 6, 7, 9, 12, 13, 15, 16)
Khatamol-Anbia hospital 12.50% (5, 15) 43.75% (1, 5, 6, 7, 12, 13, 15)
Shahid-Mohammadi hospital 25.00% (1, 3, 7, 9) 68.75% (1, 3, 4, 5, 6, 7, 9, 10, 12, 15, 16)
Shariati hospital 25.00% (1, 3, 7, 9) 62.50% (1, 3, 4, 5, 7, 9, 10, 12, 15, 16)
Saheb-alzaman hospital 18.75% (9, 10, 14) 56.25% (1, 2, 3, 4, 7, 9, 10, 11, 14)
C1 25.00% (3, 7, 9, 10) 56.25% (1, 3 ,4 ,5, 7, 9, 10, 14, 16)
C2 18.75% (1, 3, 9) 50.00% ( 1, 3, 4, 7, 9, 10, 14, 16)
C3 18.75% (1, 4, 9) 68.75% (1, 3, 4, 5, 7, 9, 10, 12, 14, 15, 16)
C4 25.00% (1, 4, 7, 9) 62.50% (1, 3, 4, 5, 7, 9, 10, 12, 15, 16)
C5 25.00% (1, 3, 7, 15) 50.00% ( 1, 3, 5, 6, 7, 9, 12, 15)
C6 18.75% (5, 12, 15) 50.00% (1, 5, 6, 7, 8, 12, 13, 15)
C7 25.00% (5, 6, 12, 15) 56.25% (1, 5, 6, 7, 8, 12, 13, 15, 16)
C8 18.75% (6, 8, 13) 50.00% (1, 5, 6, 8, 12, 13, 15, 16)
Emam-Reza and Omeh-Leyla hospitals were considered as a single hospital because they are very close to each other. For hospitals information see Figure 
1a and for clinics and GC location see Figure 2b .
*Koudakan hospital provided accessibility to 25.0% of GC including GC 5, 6, 12 and 15 during 8 minutes Response Time (RT).
Table 2. Global Pearson correlations between alternative types of distance 
between hospitals and GC in Bandar Abbas.
Shortest
network path
Shortest
network time
Euclidean
distance
Shortest network path 1 - -
Shortest network time 0.918 1 -
Euclidean distance 0.597 0.375 1
GC= Geographic Centroids
Table 3. Global Pearson correlations between alternative types of distance 
between clinics and GC in Bandar Abbas.
Shortest
network path
Shortest
network time
Euclidean
distance
Shortest network path 1 - -
Shortest network time 0.981 1 -
Euclidean distance 0.912 0.844 1
GC= Geographic Centroids
Figure 6. Accessibility of GC to hospitals during 8 minutes (a) and 15 
minutes (b). Accessibility of GC to clinics during 8 minutes (c) and 15 
minutes (d). Bandar Abbas -an example of elongated-shaped coastal cities 
– suggested that Euclidean distances were only moderately 
correlated with network distances (Tables 2 and 3).
The minimum distance method illustrated that the maximum, 
median and mean of Euclidean distances between healthcare 
and GC were 14.20, 4.70 and 5.20 km, respectively. Only 
57.50% of GC had distances lower than mean Euclidean 
distance. 
The RT accessibility (Figure 6 and Table 1) method illuminated 
that: 1) Five hospitals (25.00% of hospitals) have provided 
maximum accessibility to GC during 8 minutes RT and 
Khatamol-Anbia hospital had minimum coverage (12.50%); 
2) GC 2, 4, 8, 11, 13 and 16 had no access to hospitals during 
8 minutes RT (Figure 6a); 3) Shahid-Mohammadi and 
Khatamol-Anbia hospitals presented maximum (68.70%) 
and minimum (43.70%) accessibility during 15 minutes RT, 
respectively, with respect to GC; 4) All of the GC had access 
to hospitals during 15 minutes RT (Figure 6b); 5) Four clinics 
provided maximum accessibility to GC during 8 minutes RT 
(25.00% of clinics) and four other clinics had poor coverage 
(18.70%); and 6) C1 had provided maximum accessibility of 
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the clinics to GC during 15 minutes RT (68.70%) and four 
clinics (C2, C5, C6 and C8) had poor accessibility (50.00%). 
By this method, it is possible for the planner to easily 
recognize which parts of the city have or have not access 
to hospitals (Figures 6a and b) and clinics (Figures 6c and 
d) during pre-defined response times. For example, results 
of RT accessibility in Figure 6 and Table 1 specified that: 
in comparison to other GC, GC 5 and 15 that were located 
in territory of Khatamol-Anbia hospital had maximum 
accessibility to hospitals during 8 minutes RT. Considering 
the results of our calculations which indicated that Khatamol-
Anbia hospital had minimum accessibility (12.50%) to all GC, 
running Khatamol-Anbia hospital in its present position has 
not been a good idea. Saheb-Alzaman hospital also provided 
poor (18.70%) accessibility to all GC during 8 and 15 minutes 
RT. But it is the only hospital that provided accessibility to 
GC 10 and 14 during 8 minutes and GC 2, 4 and 11 during 15 
minutes RT. GC 8, 13 and 16 that had not access to hospitals 
during 8 minutes RT, improved by Koudakan hospital in 15 
minutes RT. C8 clinic also improved accessibility of GC 8 and 
13 during 8 minutes RT.
Field queries specified that satisfactory accessibility of 
practitioners is the only criterion involved in running 
Khatamol-Anbia hospital and the study results illuminated its 
poor accessibility to other parts of the urban area. It must be 
accepted that ensuring adequate accessibility of practitioners 
is by no means the only criterion involved in running a 
satisfactory health service. 
Conclusion
This study suggests that the RT accessibility technique 
provides a better assessment of accessibility as compared to 
other methods. It presents detailed information about all the 
possible positions of the patients with respect to available 
healthcare services based on optimum and critical response 
times and vice versa. Since this technique utilizes the shortest 
network path and time distances, then it provides a reasonably 
sensitive and robust evaluation of the accurate accessibility. 
Locations of general health services in Bandar Abbas are 
not related to the sites of populations or to the hypothetical 
patients. This small area contains about 88% of the city’s 
hospitals and 35% of clinics. The results highlight that it is 
possible to compute a summary measure of various types 
of accessibility between hypothetical patients and health 
services, especially during the planning stage.
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